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Abstract 
A multi-factorial model is presented that assesses the performance of authorities in dealing with the issues derived from freight 
transport within cities. Such an index was inspired by the efforts made by other OECD countries to lessen environmental and 
social impacts of freight transport within the urban areas. The model produces an Urban Freight Transport Index (UFTI), which 
quantifies the intention of the authorities to cope with urban freight transport externalities. A mid-size Mexican city is rated with 
115 points, from an ideal 807 points. 
© 2010 Elsevier Ltd. 
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1. Introduction  
This paper summarizes the findings of a 4-year research project concluded in 2007, aimed at developing 
objective tools to assess urban freight transport problems and potential solutions (Betanzo and Romero, 2009; 
Betanzo et al., 2008, and Betanzo and Toral, 2006). 
A review of the international literature reveals that existing methodologies for analysis of urban freight transport 
are tailor made for each city, with scarce possibilities to apply them on a global basis (BESTUFS, 2005, 2006). 
Examples in France of such specialized methodologies are the Programme Transport de Marchandises en Ville 
(TMV, 2006a, 2006b), and the model FRETURB; providing governments with concepts and practical procedures to 
make uniformed studies in that country. In this context, Urban Freight Transport (UFT) is a challenging task as the 
implementation of measures for improving freight transport always is behind of what is needed (Dablanc, 2007).   
The model presented in this paper is based upon a fundamental hypothesis, which is that all of the UFT issues can 
be quantified into a unique index. To validate such a hypothesis, different organizational and industrial techniques 
were considered, including Ishikawa diagrams (Ishikawa, 2003), radar diagrams, and automotive industry´ logistic 
evaluation (ODETTE, 2002). Other internationally recognized scaling principles were considered such as physical 
states (Mohs scale), seismic scales (Richter and Mercally), and Fujita´s scale for tornado disasters. These 
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international scaling principles were complemented with local performance measures, including the Mexican Cities 
Competitive Index (Cabrero et al., 2003), leading to what are called the top ten practices for the competitiveness of 
Mexican States (IMCO-EGAP, 2007).   
Benchmarking principles were used to design the model and the associated overall performance index. In this 
sense, practices and services of any organization are compared with those of the strongest competitors and 
organizational leaders (Camp, 2006). Benchmarking in UFT thus consists of measuring and comparing, to identify 
those cities that have the best organizations and the highest level of UFT performance. In order to identify high-
priority areas to be considered within any potential improvement plan, an index was created aimed at objective 
performance comparisons of the different cities. In this paper the supporting methodology for defining such an index 
is described, followed by the conceptual design of the index and its application to the Queretaro Metropolitan Area 
(QMA), in Mexico. These results are then summarized and discussed, to further assess the usefulness and global 
applicability of the index. 
2. Methodology  
A critical review of the literature on urban freight transport policies and issues somehow instigated the definition 
of a standard performance measure – the Urban Freight Transport Index (UFTI) - to characterize such policies and 
issues (Betanzo, 2007).  Figure 1 illustrates a block diagram describing the different steps to define, develop and 
implement the UFTI. The process includes an international review of the reported performance measures (Step I), in 
order to set up the assessment tool (Step II). The implementation of the tool is considered in Step III, which implies 
the selection of a metropolitan area to be analyzed. During the next step (IV) an analysis is made of the outputs. Step 
V is focused on improving strategies and corrective actions to enhance the UFT. This paper focuses on Steps II to 
IV. 
The first and foremost need when establishing the UFTI standard is to have a global measuring scale. From such 
a need four fundamental questions for sizing urban freight problems were identified: i) is it possible to scale urban 
freight problems in terms of its severity?; ii) how big or near-to-critical is the status of the problem; iii) how fast are 
the changes occurring according to reference patterns?; and iv) what reactive actions should be taken to alleviate the 
situation or to reverse the observed trend? 
To characterize the size of the UFT issue, Table 1 describes an idealized global approach to assess urban freight 
transport, by listing a diagnostic procedure that includes the level of the problem and the symptom, as well as the 
corresponding step and the corrective measures. In this context, the level describes the degree of complexity of the 
issue, which can become higher if no corrective action is implemented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Steps for development and implementation of UFTI standard 
STEP I  
INTERNATIONAL CONTEXT 
STEP II  
MAKING OF A STANDARD 
ASSESSMENT TOOL 
STEP III  
IMPLEMENTATION OF THE 
VALUES OF REFERENCE TO THE 
STUDIED AREA 
STEP IV 
ANALYSIS OF RESULTS 
STEP V 
PLAN FOR IMPROVEMENT 
(PROPOSAL FOR A MODEL OF 
DEVELOPMENT) 
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Table 1 Basic scales of symptoms and measures 
Level Symptoms Step 
(s) 
Measures 
 
Low 
Low presence of both commercial and 
heavy trucks in urban environments. 1 
Authorities apply isolated measures in focused conflictive 
zones. 
Under-Mean 
 
Growing urban freight transport problems. 
 
 
2 
Unilateral public initiatives to improve urban freight in 
conflictive zones. 
Public measures not structured. 
Focus on expanding the urban road infrastructure, instead 
of enhancing operation efficiency. 
 
 
Mean 
 
Urban freight problems appear on a regular 
basis: conflicting streets at specific times of 
the day. 
Infrastructure maintenance effort is not 
sufficient to decrease road surface damages. 
 
 
 
3 
Urban freight is partially considered in urban planning. 
Private sector addresses independent actions to improve 
efficiencies. 
Existing basic studies on the reorganization of urban 
freight transport. 
Lack of ad-hoc information, but efforts exist to create 
information. 
Upper-mean 
 
Quality of life of the local population is 
environmentally affected by the type and 
number of circulating trucks. 
Structural damages detected in urban roads. 
4 
Urban freight is considered as key component in urban 
planning. 
Measures aim at tackling pollution, congestion and 
pavement damage problems. 
Planning through a (public-private) partnership process. 
Authorities bring stakeholders together to discuss urban 
freight problems. 
 
 
 
High 
 
Invasive presence of trucks all over the city, 
including residential areas. 
High levels of environmental pollution (air, 
noise), and congested streets. 
Urban road network deteriorated at the 
primary, secondary and tertiary level. 
Reactions of the inhabitants against the 
freight traffic. 
 
 
 
 
5 
Sustainable objectives are promoted in a global mobility 
plan, including urban freight transport. 
Dedicated logistics infrastructure and technology modify 
urban distribution patterns. 
Environmental legislation to maintain the standard of 
living of the population, and its general quality of life. 
Available assessment (feed-back) tools for applied 
measures. 
Information technology based solutions. 
 
3. Setting up UFTI  
The UFTI is designed to be practical, to position a city in a scale of urban freight symptoms, to recommend 
actions to get the system to a satisfactory state.  Such comparison is established under an international benchmarking 
ideal. 
3.1. Elaboration of the standard assessment tool 
The UFTI metrics uses a five-level scale for quantifying the attention paid by the city to urban freight transport 
issues (S1 to S5). S5 represents the maximum of the UFTI points, meaning that an extensive attention is paid to the 
problems, thus implying that the designated measures are implemented, and that such measures are supported by one 
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or several coordinated actions, which are implemented in different phases. On the other hand, S1 implies that the 
attention paid to the urban freight transport is minimal or isolated. 
The ideal 807-point top qualification derives from the number of reagents selected. That is, if a new reagent is 
added somewhere within the proposed scheme, the UFTI top value will increase correspondingly. Such a top rate 
objectively indicates that the assessed city is using fully developed measures to manage urban freight transportation, 
under a sustainable approach. On the other hand, low numbers for UFTI warn about the need to undertake specific 
corrective measures. For instance, a weak definition of the national policies on urban freight transport could be 
strengthened through different actions, including: i) tuning the origin-destination national matrices; ii) encouraging 
public-private partnerships; and iii) fostering national research programs related to urban freight transport issues. In 
this context, a reagent is an individual rational feature, translated into an objective value. 
A number of reagents are defined for each stage, totaling 234. Table 2 depicts the reagents for each of the stages, 
and the corresponding nominal values. Valuing rules for Table 2 are as follows: 
 
x A negative answer grants zero points; 
x A positive answer grants the points corresponding for the designated step. 
Table 2 Equivalent nominal values of reagents by stage 
 UFTI S1 S2 S3 S4 S5 
Total UFTI 
(in points) 
Number of reagents 234 16 37 55 78 48  
Nominal values assigned for positive responses  1 2 3 4 5 807 
 
Table 3 lists the procedure to obtain partial UFTI values. The reagent times the nominal value results in such 
partial UFTI values. 
Table 3 Calculation of partial UFTI values 
Step Reagent Nominal value  
(by step) 
Partial UFTI 
value 
S1 0 1 0 
S2 0 2 0 
S3 4 3 12 
S4 8 4 32 
S5 2 5 10 
Total 14  54 
 
A set of 234 reagents are classified as (n.), (n.n) and (n.n.n) ranks. A commercial spreadsheet was used for the 
calculation process, to perform the computations and to present the graphical outputs. Under such calculation 
scheme, the reagents can be easily managed to add, remove or modify its individual contents. In order to clarify the 
UFTI calculation, Table 4 lists a disaggregated collection of reagents for the set (1) “Measures planned or 
implemented at National level”, which includes subset (1.1) “Definition of the national policies on urban freight 
transport”. Such a subset contains fourteen reagents (1.1.1 to 1.1.14). 
The OECD (2003) defines four areas to analyze urban freight transport (Table 5): two refer to national, local and 
regional measures; the third one refers to some analytical tools for the decision making; and the fourth one deals 
with private initiatives. 
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Table 4 Subset of reagents in the UFTI calculations 
  Partial UFTI 
value 
S1 S2 S3 S4 S5 Mexico 
 PARTIAL UFTI BY STEP 200 0 12 39 104 45  
1 
MEASURES PLANNED OR IMPLEMENTED AT NATIONAL 
LEVEL  0 2 6 0 0 8 
  54 0 0 12 32 10  
1.1 Definition of national policies on urban freight transport.        
1.1.1 
National rules related to urban freight exist, and are susceptible to be 
adapted by municipal authorities, either in specific areas or times, with 
reference to environmental objectives. 4    0  0 
1.1.2 
A representative group exists to conduct urban freight projects at the 
national level. 4    0  0 
1.1.3 National research programs related to urban freight transport exist.  3   0   0 
1.1.4 
An information system settled by national agencies exists, to support the 
planning needs of urban freight transport. 5     0 0 
1.1.5 
Available national programs set quantitative goals or performance based 
metrics. 5     0 0 
1.1.6 A national policy in urban freight transport is available. 4    0  0 
1.1.7 
Is there a national legislation framework allowing or facilitating the 
decision making process on urban freight transport? 4    0  0 
1.1.8 
Are there national transport plans focused on the development of urban 
freight transport. 3   3   3 
1.1.9 
Is it available an Origin-Destination national data collection to analyze 
the impacts of long haul movements within cities? 4    0  0 
1.1.10 
Are there specific cooperation mechanisms between the national and the 
local authorities to tackle urban freight problems in cities? 4    0  0 
1.1.11 
As a part of national criteria, are the cities with a given number of 
inhabitants obliged to implement an urban freight plan? 3   0   0 
1.1.12 
Recommendations of national entities addressed to state organizations 
exist, so that sustainable urban freight is promoted actively. 3   0   0 
1.1.13 
National policies on urban freight promote the participation of the private 
sector. 4    0  0 
1.1.14 
National directions on urban freight transport aims at social, economic 
and environmental objectives. 4    0  0 
  SUBTOTAL  0 0 3 0 0 3 
 
Table 5 Benchmarks by steps according to the UFTI (in points) 
 UFTI S1 S2 S3 S4 S5 
Planned or implemented measures (Nationwide) 200 0 12 39 104 45 
Planned or implemented measures (Local or regional level) 384 15 42 81 96 150 
Analysis elements for decision making 114 1 16 33 64 0 
Implemented measures by the private sector 109 0 4 12 48 45 
 807 16 74 165 312 240 
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47.6 
24.8 
14.1 13.5 
Planned or 
implemented 
measures 
(Nationwide) 
100 
50 
    0 
Analysis 
elements for 
decision 
making 
Implemented 
measures by the 
private sector 
Total 
% 
Planned or 
implemented 
measures (Local or 
regional level) 
Figure 2 illustrates the weighted contribution to the UFTI, of each of the geographical measures described in 
Table 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Weighted contribution of geographical measures on the UFTI 
4. Implementing UFTI in the Studied Area 
Results from previous diagnostic studies reported by the authors (Betanzo, 2006) are used in this paper for i) 
analysis of the flows of freight vehicles; ii) characterization of the transport infrastructure; iii) analysis of generators 
of goods movements; and iv) review of legal and institutional matters. 
Tables 6 to 9 contain a summary of the proposed measures or elements. Each of these tables describes different 
values, including the standard reference, the value obtained for the QMA, and the corresponding percentage 
progress. 
4.1. Measures planned or implemented at national level 
Many of the decisions on urban freight transport depend on the support granted by national or federal authorities 
(Table 6). Transport measures at the national level should involve specific policies to manage both mass public 
transport and freight transport, and the potential financing for research and diffusion of technical, legal and 
organizational topics. National measures also define the intensity of communications at the three government levels. 
4.2. Measures planned or implemented at local or regional level 
Table 7 lists the measures under the responsibility of local authorities, emphasizing the wide range of access 
restrictions for trucks that such authorities can implement, and the organization of public spaces for 
loading/unloading manoeuvres in the streets.  Local authorities can also be responsible for encouraging the creation 
of an urban logistic infrastructure.  This action would also reflect the importance granted by the authorities to the 
protection of urban environment. 
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Table 6 Summary of measures planned or implemented at the national level 
 
 
Maximum 
value 
Value 
QMA % 
1 MEASURES PLANNED OR IMPLEMENTED AT THE NATIONAL LEVEL    
1.1 Definition of national policies on urban freight transport 54 3 5.6 
1.2 Standardization of applied measures 20 0 0.0 
1.3 Restrictions for truck access 8 0 0.0 
1.4 Restrictions for truck parking 4 0 0.0 
1.5 Location of load/unloading zones 2 0 0.0 
1.6 Creation of urban distribution centres  19 0 0.0 
1.7 Traffic bypasses 6 3 50.0 
1.8 Measures to reduce noise pollution 13 0 0.0 
1.9 Taxes 8 0 0.0 
1.10 Subsidies or economic incentives 15 0 0.0 
1.11 Support for research and development 15 2 13.3 
1.12 Support for undertaking pilot projects 11 0 0.0 
1.13 Information dissemination 25 0 0.0 
 SUBTOTAL 200 8 4.0 
 
Table 7 Summary of measures planned or implemented at local or regional level 
  
Maximum 
value 
QMA 
value % 
2 MEASURES PLANNED OR IMPLEMENTED AT LOCAL OR REGIONAL LEVEL    
2.1 Definition of a local policy (state and municipal) on urban freight 14 3 21.4 
2.2 Access restrictions 104 19 18.3 
2.3 Parking restrictions 12 4 33.3 
2.4 Loading / Unloading areas 35 6 17.1 
2.5 Urban distribution centres supported by local authorities 82 19 23.2 
2.6 Pilot projects 4 0 0.0 
2.7 Dedicated corridors for trucks 5 2 40.0 
2.8 Intermodal options within urban scale 5 0 0.0 
2.9 Integration of freight transport in urban planning 35 8 22.9 
2.10 Traffic 21 0 0.0 
2.11 Pavements 7 0 0.0 
2.12 Pollution 60 11 18.3 
 SUBTOTAL 384 72 18.8 
4.3. Elements of analysis for the decision making process 
Table 8 describes the elements for assessing the awareness and willingness of authorities to cope with urban 
freight transport issues. These elements include the perception of the problem, from both the authority and the 
perspectives of society; the mechanisms of consultation among stakeholders resulting in formal proposals and 
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commitments; the creation of specialized working groups interested in supporting administrative technical areas; 
and finally, the availability of comparative evaluations of the situation before and after the applied measures. 
4.4. Measures implemented by the private sector  
The actions undertaken by private companies and associations are crucial to complement the public initiatives on 
this subject. Table 9 enumerates five of these measures as a function of the stakeholders: carriers, manufacturers and 
retailers. The evaluation of these aspects reflects the way that local carriers, distributors or logistics providers 
respond to transportation needs. It reflects the use of modern logistics methods, information technologies and 
logistic infrastructure. It includes productivity improvements due to the use of enhanced urban delivery techniques.  
The awareness of the automotive industry is quantified in terms of greenhouse emissions and other environmental 
issues, such as noise. 
Table 8 Summary of elements for the decision-making 
  
Maximum  
value 
QMA 
value % 
3 ELEMENTS OF ANALYSIS FOR THE DECISION MAKING    
3.1 Perception of the importance of the urban freight transport in the society 41 0 0.0 
3.2 Consultation and discussion forums on urban freight transport 44 2 4.5 
3.3 Lack of awareness and technical knowledge 5 1 20.0 
3.4 Lack of instruments for evaluation before and after 24 0 0.0 
 SUBTOTAL 114 3 2.6 
 
Table 9 Summary of measures implemented by the private sector 
  
Maximum 
Value 
Value  
QMA % 
4 MEASURES IMPLEMENTED BY THE PRIVATE SECTOR    
4.1 Carriers: Reduction of fleets 40 0 0.0 
4.2 Carriers: Use of intelligent transportation systems 14 10 71.4 
4.3 Producers and retailers: Processes 17 8 47.1 
4.4 Indicators of logistic performance 24 0 0.0 
4.5 Automotive industry: Technology innovation 14 14 100.0 
 SUBTOTAL 109 32 29.4 
 
5. Results for QMA  
For their application in the case of QMA, the assigned qualification were derived from discussions looking for 
consensus. Nominal values are reported in a previous report by the author (Betanzo, 2007), further describing 
collective discussions regarding each of the reagents.  
Table 10 describes the UFTI figures in the case of QMA, indicating the embedded relationships and the outputs 
from the stepped implementation. From the ideal 807-point qualification, QMA gets 115, corresponding to an 
overall level of compliance of only 13%. Figure 3 illustrates these ideal-QMA comparative figures, further denoting 
that urban freight transport in QMA is approached at the minimum level of effectiveness, and that there is little work 
done to address the problem in an integrated manner, whether through national or local measures. 
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       Total            S1              S2             S3             S4                 S5 
 
Measures by step 
900 
Table 10 Comparative between UFTI standard and UFTI applied to QMA, in points 
 UFTI S1 S2 S3 S4 S5 
Performance 
Mexico/QMA 
Planned or implemented measures (Nationwide) 200 0 12 39 104 45  
Mexico/QMA  0 2 6 0 0 8 
Planned or implemented measures (Local or regional level) 384 15 42 81 96 150  
Mexico/QMA  11 16 9 16 20 72 
Analysis elements for decision making 114 1 16 33 64 0  
Mexico/QMA  1 2 0 0 0 3 
Implemented measures by the private sector 109 0 4 12 48 45  
Mexico/QMA  0 0 3 4 25 32 
UFTI 807 16 74 165 312 240  
  12 20 18 20 45 115 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Summary comparison between the standard UFTI and its application to QMA 
6. Discussion  
Presently, UFT assigns the greatest weighted value to the performance and capabilities of national and local 
strategies. Four discussion points arise, as follows: 
 
x The meagre initiative at the federal level regarding the UFT problem is reflected in Table 10, with only 4% of 
compliance (8 out of 200 points). Reversal of such poor qualification would demand that UFT be given a national 
priority status. These national actions would remarkably improve the quality of life of Mexicans living in urban 
areas, and enhance the productivity of the local and national private companies, whose poor logistic performance 
largely affects the environmental (fuel consumption, climate change, congestion, and accidents). 
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x The work done by local and regional administrations shows a level of 19% when compared with the international 
performance. The evaluation shows some positive results, however, mainly as a result of government investments 
in urban road infrastructure, including by-pass routes. 
x In this respect, it is believed that the urban road network within the QMA should run in rings, to alleviate the 
presence of heavy trucks passing near residential areas.  However, the awareness level for that possible solution 
is low at local government, and lacks a clear strategy to cope with this problem.  Additionally, this issue lacks 
communication channels among authorities, private sector and society. It is also observed that technical areas of 
the municipal and state public administration still focus on mass transportation, in no way dealing with the 
transport problem in an integral manner.  Furthermore, the evaluation using the UFTI has confirmed that urban 
freight transport is absent in the State of Queretaro developing plans. 
x Results from the UFTI at QMA further reinforce the necessity to design evaluation tools to sustain specific 
measures or proposals. 
x The relative weight of private companies is found to be quite limited, but it is also recognized a major lack of 
data. Consequently, this investigation should advance towards objective statistics regarding the techniques and 
support systems to manage fleets in order to optimize distribution routes. The progress in the implemented 
measures by the private sector derives from the availability of modern commercial vehicles, which are replacing 
the traditional pick up chassis in the Mexican market. 
7. Conclusion  
Urban freight transport represents a social issue on which governments worldwide are paying more and more 
attention. In this context, assessment tools are crucial to clarify the gravity of the situation and the effectiveness of 
actions taken. In this paper a multifactor model has been presented to assess urban freight transport, which is based 
on an overall performance evaluation index. Testing of the proposed scheme in a local mid-size Mexican city 
reveals that freight transport does not get due attention, at both national and local levels. However, the proposed 
methodology reveals a number of corrective actions to be taken, which represents the most valuable contribution of 
the model. The model should be used to asses other urban areas, in other countries, to prove its generality.  
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